The web -tapered I-columns have the capacity to resist the flexural buckling and lateral torsional buckling at a particular location where as in the rest of the member the capacity is lower. There needs a focusing on the nonprismatic members, to find the buckling capacity and standard procedures are to be framed in Indian Code IS 800:2007. This exploratory research explores simulated finite element models covering a total of 60 web tapered column sections having taper ratios (h2/h1) from 1.0 to 3.0 using FEA software ANSYS17.2. With an elaborate Eigenvalue buckling analysis, this research has come up with newer design equation for calculating the buckling load of web tapered I columns. This novel equation could predict the buckling stress for any taper ratio of web tapered I column of any length.
INTRODUCTION
The construction industry and the steel manufacturers world-wide currently focus on material savings, optimization and economic design with the advent of three dimensional printing technologies. The tapered steel members had been on use from 1960s as reported [1] and the design provisions had been conservative in the era of computational solutions devoid of computers. Joint Task Committee was triggered [1] forming Column Research Committee and Council and Welding Research Council dwelling units and the prefabricated units. The tapered members have wider application in steel industry [8] due to their structural efficiency that led to material savings and light weight. This would pave way for aesthetics, along with modest fabrication expenses with the advent of 3 D printing. The web tapered I sections have an outstanding capacity to resist the flexural buckling and lateral torsional buckling at a particular location where as in the rest of the member the capacity is lower or not required in technicality aspect. The Indian Steel Code IS 800: 2007 [12] is silent regarding the web tapered non prismatic members. Liliana [9] narrates that EC3 has provided codal provisions for verifying structural stability of elements and frames fabricated with prismatic members. However in case of non-prismatic members with tapers and castellation, the behaviour needs to be fully understood and codified further. There had been many proposals and derivations from researchers to find the buckling capacity of web tapered I beams and columns. But [9] all the theories urge calculations, based on tedious non-linear buckling analyses and iterations. Few researchers [9] adopted evaluating critical buckling load of tapered I columns using Rayleigh Ritz approach.
However, the differences up to 8% had been noted when compared with Linear Buckling Analysis Model. Rahai , [10] the researcher had revealed a new procedure for performing the buckling analysis of tapered column members. The research proposed to include a tapering index in the formula for estimating critical buckling load. The linear combination of various modes of prismatic cross sections were used for finding mode shapes of tapered columns. Also the finding observed an enhancement in the critical buckling loads by appropriately distributing the moment of Inertia along the length.
Ioannis , [11] analysed the critical lateral torsional buckling moments of web tapered I beams. The tapered I beams were explored for stability analysis. The investigations revealed that the tapered beams carried maximum moment at a single location. Also the scientist narrates that numerous studies had focussed on the behaviour of tapered beams with in the elastic limit. The outcome of the research exposed theoretical findings that could be incorporated in codal provisions. Slope deflection was used for predicting the buckling capacity of tapered bar elements under flexure and axial force.
Also flexural torsional buckling under transverse loads and axial loads were researched. All the research works finally concluded that the stability analysis is a must for designing the web tapered I beams or columns. The research also recommended that the taper ratio (h2/h1) had a significant influence on finding the critical load of web tapered I beams particularly the cantilevers. The h2 stands for depth of the "I" column at the fixity. The h1 stands for the depth of I section at the top of the column (h2>h1). This paper narrates the development of design equation for predicting the critical buckling load of web tapered I sections used as columns. The tapering ratios were varied as 1, 1.5, 2, 2.5 and 3.0. This research is confined to Eigenvalue buckling analysis of web tapered I column sections using ANSYS 17.2. The role of taper ratio on the critical buckling capacity (Euler's buckling load) had been thoroughly studied . A total of 60 web tapered column sections covering 5 taper ratios (h2/h1) from 1.0 to 3.0 has been simulated in ANSYS17.2 using shell elements (SHELL 63) and their critical buckling stress had been arrived. The buckling behaviour had been limited to three types of lengths namely 6h, 7h and 8h which had not been covered in the past investigations.( h1 represents depth of the I section at the top) The boundary conditions were assumed to have fixity at one end and free at the other end. The most vulnerable boundary conditions were adopted. It has been found from the research that the taper ratio significantly impacts the critical buckling stress of the web tapered columns. The results are presented in graphical form and finally the research came up with newer expression for finding the critical buckling stress for web tapered column sections.
WEB TAPERED I SECTIONS

INDIAN STANDARD I SECTIONS:
The Indian standard sections chosen for this research are (Indian Standard Medium Weight Beam) ISMB 200, ISMB 300, ISMB 350 and ISMB 400. For each "I" section 5 taper ratios were adopted for the simulations having lengths 6h, 7h and 8h. The properties of the sections were referred from SP 6 -1 (1964) [13] (Hand Book for Structural Engineers). The chosen sections were prismatic standard sections from the handbook and at the other end the properties were based on the corresponding slenderness ratios. The medium weight "I" beam sections were chosen for this pilot study and pure research was executed.
SIMULATION OF WEB TAPERED I SECTIONS USING ANSYS 17.2
The web tapered columns were simulated by using SHELL63 elements. This SHELL 63 has both bending and membrane capabilities. Both in-plane and normal loads are permitted. The element has six degrees of freedom at each node: translations in the nodal x, y, and z directions and rotations about the nodal x, y, and z-axes. Stress stiffening and large deflection capabilities are included. A consistent tangent stiffness matrix option is available for use in large deflection (finite rotation) analyses. The figure 12 shows the description of SHELL 63 element. The tapered columns were simulated by having same flange thickness (tf), web thickness (tw) but having different taper ratios (h2/h1). As shown in figure 1 , the shell element had 4 nodes where each node was assigned the same thickness.
The mapped meshing using SHELL 63 elements was defined with two thicknesses representing tf and tw. The SHELL elements with two set of real constants, one for the web thickness and another for flange thickness had been adopted. Skinning methodology was adopted in simulation of all tapered columns. The properties of steel were assigned to the material model. The figure 2 The figure 3 shows the strain plot of ISMB 400. At the top the value being 0.539 e-4 while 0.741e-7
was observed at the bottom. The figure 4 represents the maximum stress getting developed at the bottom where the fixity condition was observed the value being -0.0155 MPa. The Eigenvalue buckling analysis through ANSYS17.2 could give load factor as 579.04 for ISMB 400. The above plots shown in both the figures are the sample plots representing the analysis using FEA software and the same kind of simulation was adopted for other sections also.
RESULTS AND DISCUSSIONS
The Eigen value analysis had been carried out for ISMB200, ISMB 300, ISMB 350, ISMB 400. Each tapered I column had 5 taper ratios (1.0, 1.5, 2.0, 2.5, 3.0) and having slenderness ratio (6h, 7h and 8h). Hence for the five sections, about 60 specimens had been simulated. The following tables and graphical plot is the summary of the research work evaluated. The critical load ratio fcr/fco has been plotted against the taper ratios of the respective columns for different L/h ratios. Taper ratio vs Buckling stress The graphical plots have led to the following curve fit depicted in the table 1. Table 1 Equations stating the relation between the buckling stress ratio and the taper ratio 
ISMB 400
The table 1 represents the relation between buckling stress and the taper ratio for all the sections starting from ISMB200 to ISMB 400. The trend does not show much variation in all the cases. The differences between all the equations could be negligible. The variation is assumed to be parabolic and the convergence point is almost same for all the tapered columns whose properties were taken from SP (6) . Based on the above observation, the following equation is derived which is a simplified one for predicting the buckling load for tapered "I"sections. The buckling stress could be used to find the critical buckling load as represented in equation 2.
Eq-1 Pcr = fcr X A1 Eq-2
Where E = Young's modulus of Elasticity
The slenderness ratio based on the corresponding I section 
